One hundred and thirty-two elderly patients undergoing emergency hip surgery were randomly allocated to receive subarachnoid block (SAB) 
Fractures of the neck of femur in the elderly are common injuries which place an enormous burden on hospital services.
l It is widely accepted that operative treatment offers the best prospects for survival. Nevertheless, mortality varies from 8 to 30%2 and increases with age.
l Thrombo-embolic disease accounts for 3 to 8070 mortality and the incidence of postoperative deep vein thrombosis is in excess of 50070. 3 Hypoxaemia is known to occur preoperatively in these patients and to worsen postoperatively4 irrespective of the anaesthetic technique used. 5 A recent study suggested that mortality might be reduced following the use of unilateral spinal anaesthesia rather than general anaesthesia, most patients reportedly dying of bronchopneumonia or pulmonary embolism. 6 We have compared the effects of spinal and general anaesthesia on various aspects of postoperative morbidity and mortality in elderly patients presenting for emergency hip surgery.
PATIENTS AND CLINICAL MANAGEMENT A study was made of 132 patients coming to surgery within three days of their injury for compression screw and plate fixation of an intertrochanteric or subcapital fracture (Table   1) . Patients under the age of 50 years, those with uncontrolled diabetes mellitus or congestive cardiac failure or with multiple trauma were excluded from the study, as were those requiring hip replacement surgery. Approval for the study was given by the Hospital Ethical Committee.
Pre-operative assessment included a full history, physical examination and laboratory investigations, and each patient was then randomly allocated to receive either spinal anaesthesia (SAB group) or general anaesthesia (GA group) for his or her operation. Anaesthesia was conducted by the duty registrar or consultant anaesthetist. No premedication was given.
Spinal anaesthesia was performed with the patient lying on the affected side. Positioning occasionally produced pain and this was relieved with a single subanaesthetic dose of ketamine (20-25 mg) in eight patients. Following infusion of 200-400 ml acetated Ringer's solution intravenously, tetracaine 0.56,10 in 6% dextrose (mean 7 mg; range 5-10 mg) with adrenaline 1: 100,000 was injected without barbotage in 51 patients, and hyperbaric cinchocaine 0.5% in 6% dextrose (mean 7 mg; range 4.5-9 mg) was used in 13 patients (at a time when tetracaine was temporarily unobtainable in this country). Dural puncture was attempted unsuccessfully in a further eight patients who then received a general anaesthetic -their results are retained in the GA group. Patients remained on their side for ten minutes and then resumed the supine horizontal position. Hypotension, if it occurred, was treated with further crystalloid infusion combined, in 39 cases, with incremental doses of metaraminol 0. surgery for an apparently incomplete block. They have been retained in the spinal group for analysis.
General anaesthesia was induced following pre-oxygenation and infusion of 200-400 ml acetated Ringer's solution intravenously with intravenous diazepam (mean total dose 9.5 mg; range 2.5-30 mg) and fentanyl 1-3 f-Ig/kg body weight, followed by nitrous oxide: oxygen, 1: 1. Muscle relaxation was achieved with pancuronium 0.08 mg/kg. After endotracheal intubation, mechanical ventilation was instituted with nitrous oxide 31 and oxygen 21 fresh gas flow into a circle circuit with the absorber turned off to avoid hypocapnia. Incremental doses of fentanyl (mean total dose 190 f-Ig; range 50-550 f-Ig) and pancuronium (mean total dose 6 mg; range 4-10 mg) were administered as required. Reversal of neuromuscular blockade was achieved with neostigmine 2.5 mg and atropine 1.2 mg intravenously.
Fluid and blood replacement were based on intra-operative measurement of blood loss and cardiovascular assessment of the patient. Anaesthetic time was determined from the moment of subarachnoid injection in the SAB group and the commencement of induction in the GA group. Postoperative management was in all essentials the same for both groups. No prophylactic measures were taken against deep vein thrombosis, as, in this hospital, surgeons prefer to place reliance on physiotherapy and early mobilisation. 8 
METHODS

Detection of Deep Vein Thrombosis.
Informed consent was sought for the intravenous injection of 100 f-ICi 125-1 fibrinogen. The 125-iodine fibrinogen uptake test as described by Flanc, Kakkar and Clarke was used,9 and the data computer-analysed according to Roberts' criteria. to The upper four of the 12 monitoring points on each lower limb were ignored in the analysis as they are unreliable following hip surgery.u Adequate scanning data for analysis were obtained in 76 of 90 patients who received isotope; 37 in the SAB group, and 39 in the GA group. Of the remaining 14, two patients died during the first week, five were excluded due to technical errors and the data were insufficient for diagnosis in seven patients. Forty-two patients did not receive isotope. A preliminary report of results from the isotope study has been published elsewhere. 12 2. Arterial Blood Gas Analysis. Blood samples were taken with heparinised glass syringes from the radial artery of the supine patient on admission, about one hour after the completion of surgery and on the first, second, third and seventh post-operative days. When oxygen therapy was being given this was temporarily discontinued and the patient breathed room air for 10 minutes before the blood sample was withdrawn. These samples were analysed immediately for Pa02, PaC02, pH and base excess using a Technicon BG2 automated blood-gas analyser, the results being corrected for the difference in temperature between the electrodes and the patient.
Peri-operative Blood
Loss. Intraoperatively, blood loss was estimated from weighing surgical swabs and packs on calibrated scales (Ohaus) and volumetric measurement of the suction reservoir. Drainage onto the surgical drapes was minimised by making a catchment sill with the lower part of the adhesive skin drape from which pooling blood was swab bed or aspirated. Post operatively the drainage from Redivac drains inserted at wound closure was recorded until their removal on the second to fourth postoperative day. One patient in the GA group who required re-exploration for arterial bleeding has been excluded from the blood loss estimations.
4. Laboratory investigations. Venous blood samples were withdrawn on admission and postoperatively on the first, third and seventh days for estimation of haemoglobin and haematocrit, as well as a variety of biochemical estimations.
A chest x-ray and electrocardiogram were performed preoperatively and as indicated postoperatively. Radiological confirmation was sought where pneumonia or other chest pathology was suspected postoperatively.
5. Postoperative morbidity and mortality. Each patient was followed for four weeks post operatively for evidence of major morbidity and all deaths in that time were recorded.
6. Statistics. Analysis of variance was carried out using a biostatistics package on a PDP 11170 computer. The 125-1 fibrinogen scans were analysed using a sequential analysis technique by pairing patients, one from each group and observing them for the presence or absence of deep vein thrombosis. The study ceased when the sequential analysis reached a stastistical end-pointY RESULTS There were no statistically signi ficant differences between the two groups with respect to age, sex, nature of fracture, major system disease or duration of anaesthesia (Table 1) . A high proportion of patients had concomitant disease at the time of presentation (ASA risk category 3 or more).
Cardiovascular changes. During subarachnoid block, systolic blood pressure fell to a minimum value that was 47070 lower than the pre-induction value, compared with a fall of 27% with general anaesthesia (Table 2 ; Mann Whitney U test; P < 0.001). More crystalloid was infused in the SAB group that in the GA group (Table 2; Student's t test, P < 0.01). Deep Vein Thrombosis. Positive scans were present in 76% of the GA group and 46% of the SAB group (Figure 1 ; P < 0.05). There were fewer positive scans in the SAB group for both the surgical and non-surgical limbs when analysed independently (Chi-Square with Yates' correction; P < 0.05 for each limb). Arterial blood gases. Preoperatively there was no statistical difference in the Pa02 between the two groups, the overall mean Pa02 being 9.2 ± SO lA kPa. Twelve patients presented with a P a o 2 of less than 8 kPa (60 mmHg) breathing air. The GA group exhibited an early postoperative drop in arterial oxygen tension (mean 0.86 kPa) that was not seen after SAB (mean 0.16 kPa) (Figure 2 
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I hr D+I D+7 POST-OP the first postoperative day both groups showed a significant fall in Pa02 which, in both, took up to a week to recover. There were only minor changes in acid-base status in the postoperative period apart from one patient with aspiration pneumonia and acute renal failure and one with chronic renal failure.
Blood loss: Surgical haemorrhage varied considerably but was significantly greater in the GA group than in the SAB group (Mann Whitney U test; P < 0.01) whilst postoperative drainage was similar in both (Table 3) . Thus the mean difference between GA and SAB groups in total measured blood loss was 200 m!. This is reflected by a small but insignificant difference in the amount of blood transfused in the two groups (means: 1.75 units -SAB group; 2.2 units -GA group). That the criteria for transfusion were similar in both is illustrated by the small but identical changes in postoperative haematocrit (Table 3) . No correlation was found between the postoperative haematocrit and the presence or absence of a positive deep vein thrombosis scan. Mortality and morbidity. There were 12 deaths (9070) within the first four weeks of surgery; nine in the GA group and three in the SAB group (Table 4 ; Chi squared with Yates' correction; P < 0.1). Life-threatening complications encountered within the first four weeks are listed in Table 5 . Three patients in the GA group required admission to the Intensive Care Unit, two for mechanical ventilation and one for the management of a dysrhythmia complicated by cardiogenic shock. More than one problem arose in a few patients. For instance, the SAB patient with profound intraoperative hypotension developed a dense hemiplegia two days postoperatively, and a GA patient who aspirated gastric contents in the recovery ward developed both congestive cardiac failure and acute renal failure as a result. McLaren and others 6 hypothesised that unilateral spinal anaesthesia may reduce the likelihood of deep vein thrombosis in hip fracture patients because of the greater degree of muscle tone maintained in the uninjured limb. Most of our patients, despite posturing, had some degree of motor and sensory blockade of the non-surgical limb. Therefore, retained muscle tone is unlikely to explain the overall reduction in deep vein thrombosis observed following spinal anaesthesia, particularly as this reduction also occurred in the surgical limb.
Spinal anaesthesia produces sympathetic blockade with vasodilatation and an increase in lower limb blood flow lS provided cardiac output is maintained. Sivarajan et al. 16 have suggested that in monkeys this may be due to the opening of arteriovenous shunts in the periphery. It is not known whether blood flow in the deep veins of the calf specifically increases or not during spinal anaesthesia in man. In contrast, general anaesthesia may result in a fall in cardiac output and peripheral blood flow. Thus a difference in limb blood flow in the perioperative period could explain Hip surgery does produce venous thrombosis in the surgical area due to local trauma and this is frequently accompanied by calf thrombosis. II However, the reduction in calf deep vein thrombosis observed with subarachnoid block is similar in both the surgical and non-surgical limbs, so local injury alone cannot explain completely the changes observed.
Whether the coagulation changes associated with surgeryl7,I8 are influenced by regional anaesthesia has not been investigated, although the coagulation response is known to be triggered by catecholamine release. 19 Intravenous lignocaine also reduces the coagulation response,20 but the dose of local anaesthetic with spinal anaesthesia would be too small to produce a systemic effect of this nature. Regional anaesthesia, therefore, by blocking or reducing the sympathetic response to surgery may affect the coagulation and/or fibrinolytic mechanisms. Two clinical reports have recently appeared suggesting that regional anaesthesia may reduce deep vein thromboses following a variety of surgical procedures 21 ,22 and the present study would appear to support these findings.
Haemodilution from intravenous fluids may increase the incidence of deep vein thrombosis. 23 Although the amount of intraoperative fluids used was greater in the SAB than the GA group, the postoperative changes in haematocrit were very similar. As no correlation was found between the postoperative haematocrit and the presence or absence of a positive scan, it is unlikely that this was a contributing factor to the difference in incidence of thrombosis in this study.
The changes observed in perioperative oxygenation confirm the findings of others. 4 ,5 Some degree of hypoxaemia is frequently present preoperatively. In the early postoperative period, spinal anaesthesia does not alter this whereas general anaesthesia results in a further fall in Pa02. Within a day of surgery significant hypoxaemia occurs in most patients irrespective of the anaesthetic technique, and this takes several days to recover. Frequently the P a o 2 recovers to values greater than those measured preoperatively (but post-injury). The causes of this hypoxaemia 6 found no difference in emergency cases. In our patients less blood loss occurred with spinal anaesthesia. This may be due to the lower blood pressure observed in the SAB group during surgery, although other studies have reported differences in blood loss without differences in blood pressure. 5
Major complications arose more often in the GA group than the SAB group (Table 5) . Some of these were preventable incidents such as the case of profound hypotension during subarachnoid block; the unrecognised ventilator disconnection during general anaesthesia, or the aspiration of gastric contents in the early postoperative period. The technical difficulties that occurred in ten out of 73 attempted spinals may be a reflection of the level of training and experience of the anaesthetist as eight of these occurred in the 25 cases managed by first year residents. Attempts to assess postoperative confusion and ease of nursing proved unsatisfactory. In a preliminary study, McLaren et al. 6 reported a reduced mortality in hip fracture patients given spinal anaesthesia compared with those given general anaesthesia. However, McKenzie et al. 5 observed only a small reduction in mortality with subarachnoid block. The general anaesthesic used in the two studies was different: relaxant-narcotic-nitrous oxide in the first and halothane-spontaneous ventilation in the second. In an early retrospective study26 no difference in mortality was found between spinal and general anaesthesia, the latter group including both techniques. Pooling data from various studies, the average mortality following subarachnoid block was 5.8aJo and that following general anaesthesia was 11.8aJo (Table 6 ).
